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PREFACE 


This  report  is  an  account  of  the  results  obtained 
during  a  wind  tunnel  study  of  supplemental  lift  for  air 
cushioned  vehicles.  The  study  was  conducted  under  contract 
DA  44-177 -TC-708  for  the  U.  S.  Army  Transportation  Research 
Command  (USATRECOM) .  Mr.  William  Hinshaw  of  the  USATRECOM 
served  as  the  Army's  technical  representative.  Responsi¬ 
bility  for  conducting  the  study  was  assigned  to  the  Special 
Projects  Section  of  the  Research  Department,  Grumman 
Aircraft  Engineering  Corporation.  Mr.  William  Aubin  is 
Section  Head  and  Dr.  Charles  E.  Mack, Jr.  is  Director  of 
Research. 

The  results  of  this  study  are  presented  in  three 
volumes.  Volume  I*  presents  the  basic  wind  tunnel  data. 
Volume  II  presents  the  data  in  parametric  form  as  a 
function  of  air  mass  flow  coefficient.  In  this  form  the 
data  allow  evaluation  of  the  effect  of  vehicle  jet  nozzle 
configuration  changes  on  aerodynamic  off-loading  (supple¬ 
mental  lift) .  This  volume  (Volume  III)  utilizes  the  re¬ 
sults  of  the  investigation  in  a  performance  study  of  ve¬ 
hicles  for  the  command  recdnnaissance  and  logistics 
missions  of  the  U.  S.  Army. 

The  authors  gratefully  acknowledge  the  efforts  of 
the  Aero-Test  Operations  Group  of  Grumman,  in  particular 
Mr,  Richard  Ledesma,  in  conducting  the  wind  tunnel  tests , and 
Mr.  Geoffrey  Gardner  and  Mrs.  Freda  Cellana  for  data 
reduction . 
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SUMMARY 


The  results  of  a  wind  tunnel  study  of  supplementary 
lift  for  air  cushioned  vehicles  (Volumes  I  and  II)  were 
applied  to  vehicles  for  the  army  command  reconnaissance 
and  logistics  missions  outlined  in  Ref.  1.  Aerodynamic 
off-loading  of  air  cushioned  vehicles  results  in  an  in¬ 
crease  of  power  available  during  cruise  which  can  be 
utilized  to  increase  cruise  height  above  the  hover  height 
or  to  operate  during  cruise  at  lower  power  settings. 

The  utilization  of  aerodynamic  off-loading  greatly 
increases  the  mission  potential  of  the  air  cushioned  ve¬ 
hicle.  With  the  configurations  in  these  tests,  aerodynamic 
off-loading  was  most  effective  at  speeds  of  60  miles  per 
hour  and  above,  optimum  speed  increasing  with  base  loading. 
At  20  Ibs/ft^  base  loading  (16.67  Ibs/ft^  wing  loading) 
approximately  100  miles  per  hour  offered  the  lowest  power 
required.  However,  efficient  hover  jet  configurations  are 
required  so  that  increased  propulsion  system  weight  does 
not  compromise  fuel  or  payload.  Variable  leading  and 
trailing  edge  jet  nozzles  appear  to  be  highly  desirable 
in  providing  both  aerodynamic  off-loading  for  efficient 
cruise  and  an  optimum  hover  configuration. 

Multiple  engine  installations  also  appear  to  be  highly 
desirable.  Because  of  the  dissimilar  power  requirements 
between  hover  and  aerodynamical ly  off-loaded  cruise  at  a 
given  height,  range  at  this  height  can  be  extended  by 
shutting  down  some  portion  of  the  installed  engines 
(turboprop  or  turboshaft)  and  operating  the  remainder  at 
higher,  more  efficient,  power  settings. 
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INTRODUCTION 


The  advantages  inherent  in  applying  aerodynamic  lift 
to  air  cushioned  vehicles  are  manifold.  The  performance 
of  air  cushioned  vehicles  is  compromised  at  higher  speeds 
by  the  momentum,  or  ram  drag.  This  is  particularly  evident 
where  large  mass  flows  of  air  are  involved,  such  as  they 
are  for  high  base  loadings  and/or  high  traversal  heights. 
Ram  drag  for  such  configurations  severely  inhibits  maximum 
speed  or  leads  to  large  increases  in  required  power  above 
that  needed  for  hover.  It  thus  affects  the  practicability 
of  air  cushioned  vehicles  by  reducing  speed,  payload  and/or 
range . 

Reduction  of  ram  drag  can  be  achieved  by  decreasing 
the  vehicle  weight  that  has  to  be  supported  by  the  air 
cushion.  This  can  be  achieved  practically  by  aerodynamic 
off-loading  of  the  air  cushion,  which  is  most  effective 
where  it  is  most  needed  —  at  high  speeds.  With  respect 
to  configurations  with  integrated  powerplant  systems, 
where  the  total  power  is  divided  as  needed  between  the 
air  cushion  and  the  propulsive  system,  aerodynamic  off¬ 
loading  of  the  air  cushion  not  only  reduces  the  ram  drag 
(and  over-all  drag)  by  decreasing  the  mass  flow  required 
to  maintain  the  air-cushion,  but  also  increases  the  gross 
thrust  available  for  forward  propulsion  by  reducing  the 
power  required  by  the  air  cushion  system.  For  configura¬ 
tions  with  independent  power  plants  for  the  air  cushion 
and  propulsive  systems,  aerodynamic  off-loading  should 
reduce  total  power  expenditure  and  fuel  consumption  by 
allowing  a  reduction  of  power  (or  number  of  engines 
operating)  in  the  air  cushion  system. 

In  order  to  explore  the  performance  benefits  and 
stability  problems  associated  with  aerodyn2unic  off-loading 
of  air  cushioned  vehicles,  we  conducted  a  wind  tunnel  pro¬ 
gram  in  the  Grumman  7-by  10-foot  low  speed  wind  tunnel. 

The  program  employed  a  semispan  reflection  plane  model 
that,  by  means  of  a  variable  jet  configuration,  represented 
a  family  of  air  cushion  vehicles. 
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The  model  has  a  flat-bottomed  airfoil  section  de¬ 
rived  from  the  basic  Clark  Y  profile.  The  ordinates  of 
the  Clark  Y  profile  were  increased  to  yield  a  16-percent 
thick  airfoil  section,  the  bottom  flattened  between  the 
8-  and  30 -percent  chord,  the  leading  edge  radius  increased 
and  faired  in  tangentially  to  the  flat  bottom  at  the  8-per¬ 
cent  chord,  and  the  trailing  edge  reflexed  1.73  percent 
starting  at  the  89 -percent  chord. 

The  "wing"  aspect  ratio  is  0. 833.  The  air  cushion 
base  aspect  ratio  is  1.00  and  is  formed  by  a  rectangularly 
shaped  peripheral  jet  which  can  be  varied  in  both  thick¬ 
ness  and  deflection  at  the  leading  and  trailing  edges. 

The  basic  full  scale  jet  thickness  and  deflection 
angle  was  considered  to  be  6.  0  inches  and  90  degrees  for 
the  command  reconnaissance  vehicle  and  9.0  inches  and  90 
degrees  for  the  logistics  vehicle.  Four  other  leading 
edge  and  trailing  edge  jet  thicknesses  (7.5,  9.0,  4.5, 
and  4. 0  inches  for  the  command  reconnaissance  vehicle  and 
11.25,  13.  5,  6.  75,  and  4.5  inches  for  the  logistics  vehicle) 
and  two  other  jet  deflection  angles  (120  degrees  and  60 
degrees  for  both  vehicles)  were  tested.  The  wing  chord 
to  ground  effect  base  chord  varied  (in  relation  to  the  ba¬ 
sic  configuration)  with  jet  deflection  angle  but  not  with 
jet  thickness.  Although  the  ground  effect  base  area  varied 
because  of  this  procedure  (-2.3  to +2. 7  percent),  it  should 
be  appreciated  that  practical  air  cushioned  vehicles  util¬ 
izing  variable  nozzles  will  suffer  a  similar  change  in 
ground  effect  base  area  with  jet  nozzle  variations  (Ref.  2) 
for  given  external  dimensions.  In  addition  three  trailing 
edge  configurations  with  jet  flap  nozzles  of  30- ,  45-, 
and  60-degrees  deflection  and  no  structural  overlap  were 
tested.  Their  use  increased  the  ground  effect  base  chord 
(and  area)  by  4. 1  percent  in  relation  to  the  basic  config¬ 
uration.  Details  of  the  test  model  are  discussed  in  Vol- 
xames  I  and  II. 

The  basic  model  (aspect  ratio  0. 833)  was  tested  at 
height-size  ratios  hCj/ 4S  of  0.156,  0.  104,  and  0.052.  The 
height-size  ratios  are  increased  2. 3  percent  for  the  120- 
degree  jet  configurations  and  decreased  2.7  percent  for  the 
60-degree  jet  configurations.  These  values  represent  full 


scale  heights  of  4.00,  2.67,  and  1.33  feet  for  the  command 
reconnaissance  vehicle.  Tests  at  the  height-size  ratio  of 
0.052  also  represent  the  specified  full  scale  height  of 
2. 00  feet  for  the  larger  logistics  vehicle.  These  height- 
size  ratios  and  specified  full  scale  heights  fixed  the 
size  of  the  command  reconnaissance  and  logistics  vehicles 
to  30.7-  and  46.1-foot  wing  chords,  and  25.6-  and  38.4- 
foot  wing  spans  respectively.  Figs.  1  and  2  illustrate 
possible  configurations  for  these  vehicles. 
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DISCUSSION 


The  peripheral  jet  air  cushioned  vehicle  with  various 
leading  and  trailing  edge  nozzle  configurations  was  eval¬ 
uated  with  respect  to  the  command  reconnaissance  and  log¬ 
istics  missions  outlined  in  Ref.  1.  The  nozzle  configura¬ 
tions  are  summarized  in  Appendix  II. 

The  requirements  stipulated  a  command  reconnaissance 
vehicle  (CRV)  with  the  following  performance: 

a)  maximum  velocity  of  100  mph, 

b)  payload  of  750  lbs, 

c)  mission  duration  of  4  hours, 

d)  maximum  obstacle  capability  of  4  feet, 

and  a  logistics  vehicle  (LV)  with  the  following  performance; 

a)  maximum  velocity  of  60  mph, 

b)  payload  of  5000  lbs, 

c)  mission  duration  of  8  hours, 

d)  maximvim  obstacle  capability  of  2  feet. 

Although  range  requirements  were  not  stipulated,  it 
was  assumed  that  range  should  be  the  product  of  maximum 
Velocity  and  endurance.  Thus,  400-mile  and  480-mile  ranges 
were  considered  as  "requirements"  for  the  CRV  and  LV  res¬ 
pectively.  It  was  also  initially  assumed  that  the  maximum 
height  capability  would  be  "required"  at,  or  very  near, 
zero  speed  since  it  can  be  foreseen  that  vehicles  of  this 
type  can  become  boxed-in  on  terrain  where  there  is  in¬ 
sufficient  room  to  accelerate  to  the  velocities  required 
for  aerodynamic  off-loading  and  increased  height  capability. 
However,  it  soon  became  evident  that  the  power  required 
for  the  CRV  to  hover  at  maximum  height  would  entail  too 
great  an  installed  powerplant  weight  which  would,  first, 
greatly  diminish  the  allowable  fuel  weight  and  second, 
uneconomical ly  consume  the  available  fuel  supply  during 
cruise  due  to  the  mismatch  of  required  hover  and  cruise 
power.  This  is  essentially  similar  to  VTOL  aircraft. 
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However,  unlike  VTOL  aircraft,  the  air  cushion  vehicle 
can  reduce  its  hover  power  requirement  by  hovering  at  a 
lower  height,  and  still  be  capable  of  translating  at  a 
higher  height.  Thus,  for  the  CRV,  height  at  hover  was 
taken  to  be  1.  33  feet  (and  for  one  configuration  2.  67 
feet)  and  cruise  height  was  taken  to  be  1.33  feet,  2.67 
feet,  and  4.00  feet.  For  the  LV,  the  height  at  both 
hover  and  cruise  was  taken  to  be  2. 00  feet. 

Only  integrated  powerplant  systems,  where  the  power 
is  divided  (as  required)  between  the  cushion  and  separate 
forward  propulsion  systems,  are  considered  during  this 
investigation.  This  is  in  contrast  to  independent  power- 
plant  systems  where  separate  engines  power  the  cushion 
and  forward  propulsion  systems.  Refs.  2,  3,  and  4  and 
numerous  in-house  design  studies  have  shown  that  inte¬ 
grated  powerplant  systems  result  in  the  minimum  total 
power  installation,  minimum  propulsive  system  weight,  and 
maximum  flexibility. 

Turboprop  engines  were  tha  only  engine  types  considered 
during  this  investigation  due  to  their  light  specific  weight 
and  their  future  availability  in  varying  power  ranges  as 
compared  to  aircraft  weight  piston  engines.  Multiple  en¬ 
gine  installation  of  the  turboprop  engines  was  considered 
in  order  to  fully  capitalize  on  the  reduced  power  require¬ 
ments  during  cruise.  This  affords  the  possibility  of 
shutting  down  some  portion  of  the  installed  engines  and 
operating  the  remaining  engines  at  higher,  but  more  econ¬ 
omical,  power  settings.  Due  to  time  limitations,  only  a 
multiple-of-two  engine  installation,  with  either  all  or 
one  half  the  engines  operating,  was  considered. 

The  configurations  were  evaluated  on  the  basis  of 
range  versus  expendable  weight  for  base  loadings  between 
9  and  20  lbs/  ft^.  Range  was  considered  more  amenable  to 
evaluation  than  endurance  and  all  comparisons  were  made 
with  respect  to  range.  Expendable  weight  can  be  considered 
as  fuel  weight  or  additional  payload  above  that  stipulated 
in  Ref.  1.  A  sketch  of  a  typical  plot  is  shown  below. 


6 


Base  Loading  ‘ 

=  Constant  Fuel  Weight 


Additional  Payload 


Range  at  Addit¬ 
ional  Payload 


I  Maximum 
Range 


Range 


The  base  loading  (or  gross  weight,  since  the  height-size 
ratio  and  the  specified  height  fixed  the  base  area  of  the 
vehicles,  Fig.  3)  and  expendable  weight  were  determined 
by  the  use  of  the  following  charts  made  for  each  configura¬ 
tion. 
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The  expendable  weight/ range  curves  were  calculated 
using  a  variation  of  the  growth  factor  equation.  A  com¬ 
plete  development  of  this  equation  is  presented  in  Appen¬ 
dix  I.  The  final  equation  which  expresses  range  as  an 
integral  function  of  weight  is 


Range  = 


V 

.  737 


r 


w 


F+FS 

dW 


SHP^  X  Fp^3 
0 


where 


w 

F+FS 

SHP 

c 

F 

P/S 


fuel  and  fuel  system  weight 

cruise  shaft  horsepower  required 

ratio  of  specific  fuel  consumption  at  a 
particular  power  setting  to  the  specific 
fuel  consumption  at  military  rated  power. 


The  performance  analysis  was  conducted  for  both  the  CRV 
and  LV.  Some  of  the  engine  and  vehicle  parameters  re¬ 
quired  during  this  performance  analysis  are  presented  in 
Figs.  4  through  8.  The  effect  of  variations  in  these 
parameters  are  discussed  later  in  the  text.  Fig.  4  pre¬ 
sents  the  structural  and  equipment  weight  factor  as  a 
function  of  base  loading.  Fig.  5  illustrates  the  varia¬ 
tion  of  specific  fuel  consumption  with  power  setting. 

Drag  coefficient,  presented  as  Cp  versus  Cy, ,  is  presented 
in  Figs.  6  and  7  for  the  symmetrical  and  unsymmetrical 
configurations.  The  assumed  variation  of  propulsive 
efficiency  with  forward  velocity  is  presented  in  Fig.  8. 
Figs.  9  and  10  illustrate  typical  values  of  shaft  horse¬ 
power  required  versus  velocity  for  the  CRV  and  LV. 


PERFORMANCE  OF  THE  COMMAND  RECONNAISSANCE  VEHICLE 


The  performance  analysis  for  the  CRV  was  conducted 
in  two  parts.  Angularly  symmetrical  nozzle  configurations 
were  analyzed  first  with  the  intent  of  evaluating  simple 
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jet  configurations  from  zero  to  high  speeds.  Next,  soph¬ 
isticated  jet  configurations  were  evaluated  at  specified 
cruise  speeds  using  the  powerplant  weights  of  the  more 
efficient  angularly  symmetrical  configuration  at  hover. 
These  results  represent  performance  benefits  that  could 
be  gained  by  utilizing  variable  deflection  and  thickness 
peripheral  jet  nozzles.  The  nozzle  variables  are  presented 
in  Appendix  II.  The  first  9  configurations  represent 
vehicles  with  angularly  S3nTimetrical  jet  nozzles;  the  next 
12  configurations  represent  the  sophisticated  cruise  jet 
configurations. 

The  effect  of  operating  height,  jet  thickness,  jet 
angle,  differential  leading  and  trailing  edge  jet  thickness 
(constant  total  jet  area),  tip  jet  plus  jet  flap  operation, 
and  tip  jet  only  operation,  were  evaluated  in  the  analysis 
utilizing  the  data  of  Volijmies  I  and  II.  Base  loadings  of 
9,  12,  16,  and  20  lbs/ft2  were  considered  since  base  load¬ 
ing  has  a  pronounced  effect  on  performance.  Low  base 
loadings  cause  structural  weight  and  parasitic  drag  to 
predominate  in  affecting  vehicle  performance;  high  base 
loadings  cause  ducting  efficiency  and  fan  efficiency  (hover 
horsepower)  to  predominate.  Base  loading  was  used  as  the 
basic  parameter  instead  of  gross  weight  to  facilitate 
scaling  these  data  to  larger  vehicles  at  the  same  height- 
size  ratios. 


Height 

The  effect  of  height  was  evaluated  with  configuration 
(1).  The  CRV  designed  to  hover  and  cruise  at  the  specified 
height  of  4.0  feet  was  unattainable,  since  the  high  in¬ 
stalled  power  requirements  and  resulting  propulsion  system 
weight  did  not  permit  fuel.  (This  was  true  of  all  9  con¬ 
figurations  when  required  to  hover  at  4.0  feet,  even 
though  configurations  (2)  and  (4)  were  theoretically  more 
efficient  in  hover. )  The  CRV  designed  to  hover  and  cruise 
at  2.  67  feet  did  permit  fuel,  but  its  range  potential  is 
quite  inadequate  with  respect  to  the  performance  require¬ 
ments.  This  is  evident  when  it  is  compared  with  hover  and 
cruise  at  1.33  feet.  Fig.  11.  Configuration  (1)  with  base 
loadings  greater  than  12. 3  lbs/ f t^  can  achieve  the  required 
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range  with  hover  and  cruise  at  1.33  feet.  By  increasing 
the  base  loading  to  20  Ib^  The  expendable  weight  at 

zero  range  is  increased  from  1750  lbs.  to  4080  lbs.  This 
represents  as  much  as  a  233-percent  increase  in  payload 
at  short  ranges,  or  an  increase  in  range  to  550  miles. 
With  half  of  the  installed  engines  shut  down,  maximvim 
range  was  increased  to  over  700  miles.  Due  to  the  de¬ 
creased  power  requirements  at  cruise  speed  (as  compared 
to  hover)  for  the  higher  base  loaded  vehicle,  operating 
the  vehicle  with  half  the  engines  shut  down  during  cruise 
permitted  the  remaining  engines  to  be  run  at  a  more  econ¬ 
omical  power  setting. 


Jet  Thickness 

The  effect  of  jet  thickness  (t/h  of  0.375,  0.564,  and 
0. 188)  was  evaluated  by  comparing  the  performance  of  con¬ 
figurations  (1),  (2),  and  (3),  and  is  shown  in  Fig.  12. 

Decreased  jet  thickness  (t/h  of  0.188)  decreases  the 
range  potential  to  where  the  minimum  range  requirement 
could  not  be  met.  Both  the  expendable  weight  at  zero 
range  and  the  range  peaked  for  base  loadings  at  or  below 
20  Ibs/ft^,  indicative  of  no  further  potential  with  in¬ 
creased  base  loading.  (Increased  base  loading  also  re¬ 
sults  in  an  attendant  increase  in  power  requirements , 
propulsion  system  weight,  structural  weight,  allowable 
fuel,  payload,  etc.)  The  decrease  in  expendable  weight 
was  naturally  due  to  the  poor  hover  efficiency  of  the 
small  t/h  ratio.  Increasing  the  t/h  to  0.564  increased 
the  range  potential  with  all  engines  operative,  while  range 
was  essentially  unchanged  when  half  of  the  engines  were 
shut  down.  The  range  requirement  could  be  met,  like  con¬ 
figuration  (1),  with  base  loadings  greater  than  12.3 
lbs /ft^.  At  this  base  loading,  the  increased  jet  thickness 
configuration  is  capable  of  carrying  125  lbs  of  additional 
expendable  weight.  At  20-lbs /ft^  base  loading,  the  thicker 
jet  configuration  with  all  engines  operative  can  carry 
175  lbs  of  additional  expendable  weight  (+4  percent) ,  and 
its  maximum  range  is  increased  35  miles  (+8  percent).  This 
represents  a  23-percent  increase  in  payload  at  the  short 
ranges.  Range  is  increased  a  proportionally  greater  extent 
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than  expendable  weight  due  to  a  better  match  of  power 
requirements  between  hover  and  cruise  for  the  thicker 
jet  system,  resulting  in  decreased  SFC  s  during  cruise. 
With  half  of  the  engines  shut  down  the  maximimi  range  of 
the  basic  jet  thickness  configuration  is  somewhat  greater 
than  the  thick  jet  configuration,  with  4-percent  less 
expendable  weight.  This  is  due  to  the  inability  of  the 
thicker  jet  system  to  operate  with  half  of  the  engines 
inoperative  over  an  appreciable  range,  due  to  the  more 
even  power  match  between  hover  and  cruise  [configuration 
(2)  is  more  efficient  during  hover]. 


Jet  Angle 

The  effect  of  leading  and  trailing  edge  jet  angle 
(90,  120,  and  60  degrees)  was  evaluated  by  comparing  the 
performance  of  configurations  (1),  (4),  and  (5)  respect¬ 
ively,  and  is  shown  in  Fig.  13.  The  60-degree  jet  de¬ 
flection  is  clearly  inferior  to  the  other  two  jet  angles, 
as  would  be  expected.  Four  hundred  mile  range  could  be 
obtained  at  16. 5-lbs /ft^  base  loading,  but  clearly  its 
potential  (additional  range,  increased  payload  at  range, 
etc.) when  compared  to  the  two  other  configurations  is 
limited.  For  the  same  expendable  weight  as  configuration 
(5),  configuration  (1)  and  (4)  require  base  loadings  of 
13.6  and  13.2  Ibs/ft^  for  ranges  of  470  and  460  miles. 

At  the  same  base  loading  of  configuration  (5)  (10,810  lbs 
initial  weight)  the  maximum  ranges  of  (1)  and  (4)  are  625 
and  635  miles.  An  efficient  hover  configuration  is  criti¬ 
cal  in  obtaining  sufficient  fuel  for  cruise,  and  this  deter¬ 
mines  the  potential  of  the  vehicle.  The  effect  of  being 
able  to  shut  down  half  of  the  engines  at  20- lbs/ ft^  base 
loading  in  configurations  (1)  and  (4)  is  to  increase  the 
range  from  550  to  715  miles,  and  680  to  740  miles,  res¬ 
pectively. 


Differential  Jet  Thickness 


The  effect  of  differential  leading  and  trailing  edge 
jet  thicknesses  is  evaluated  in  Fig.  14.  These  tests 
were  initially  conducted  to  evaluate  the  effectiveness  of 
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differential  leading  and  trailing  edge  mass  flows  in 
locating  the  center  of  pressure  ahead  of  the  50-percent 
ground  effect  base  chord  at  hover.  The  effect  on  range 
and  expendable  weight  can  be  seen  by  comparing  the  per¬ 
formance  of  configurations  (1),  (6),  (7),  (8),  and  (9). 
The  base  loading  required  for  400-mile  range  increased 
as  much  as  25  percent  in  the  attempt  to  move  the  cp 
forward  by  increasing  the  thickness  of  the  leading  edge 
nozzle.  At  20-lbs/ft2  base  loading,  the  expendable 
weight  at  zero  range  was  decreased  6  percent  and  the 
range  decreased  22  percent. 


With  respect  to  the  angularly  symmetrical  jet  con¬ 
figurations  tested,  configuration  (4)  (120-degree  jet 
deflection  at  the  leading  and  trailing  edge)  had  the 
greatest  range  and  expendable  weight  potential  for  any 
given  initial  gross  weight.  This  was  due  primarily  to 
its  having  the  least  required  hover  power  installation. 

(A  complete  120-degree  deflection  peripheral  jet,  including 
the  tip  jet,  for  the  hover  condition  should  further  increase 
vehicle  performance;  however,  this  nozzle  configuration 
could  not  be  tested  with  the  wind  tunnel  model  utilized.  ) 
Expendable  weight  versus  range  for  configuration  (4)  is 
shown  in  Fig.  15,  shaft  horsepower  required  versus  velo¬ 
city  is  shown  in  Fig.  16. 

Fig.  15  shows  that  the  400-mile  mission  can  be 
achieved  with  base  loadings  of  12.3  Ibs/ft^  or  greater. 

By  increasing  the  base  loading  to  20  Ibs/ft^,  the  addi¬ 
tional  payload  at  400  miles  range  is  over  1700  lbs,  or 
a  330-percent  increase  in  payload.  Maximum  range  with 
750-lbs  payload  at  20  Ibs/ft^  is  increased  from  400  miles 
to  680  miles .with  all  engines  operating  during  cruise  and 
to  740  miles  with  half  the  engines  shut  down.  Fig.  16 
indicates  that  the  cruise  power  required  for  12. 3-lbs/ft^ 
initial  base  loading  at  100  miles  per  hour  was  critical 
for  determining  total  power  installation.  The  power  re¬ 
quired  for  cruise  at  100  miles  per  hour,  after  fuel  bum- 
off  reduced  the  base  loading  to  9.  6  Ibs/ft^,  is  very  near 
the  required  power  at  hover  and  12. 3-lbs/ft2  base  loading. 
Only  the  high  base  loaded  configurations  cruising  at  their 
speed  for  minimum  power  can  exploit  multiple  engine  install¬ 
ations. 


For  comparative  purposes,  shaft  horsepower  versus 
velocity  is  given  in  Fig.  17  for  configuration  (4)  if 
aerodynamic  off-loading  was  entirely  absent.  The  values 
shown  were  based  upon  the  same  efficiencies  as  in  the 
off-loaded  configuration  and  the  equivalent  shaft  horse¬ 
power  due  to  the  dynamic  head  of  inlet  ingested  air  is 
also  subtracted.  With  no  aerodynamic  off-loading  the  re¬ 
quired  shaft  horsepower  increases  with  speed  from  hover. 
Data  presented  in  Ref.  12  were  used  to  calculate  the  shaft 
horsepower  of  the  16-lbs/ ft^  base  loaded  Saunders-Roe 
SR-Nl  operating  over  water.  This  is  also  shown  in  Fig. 

17.  Comparing  the  data  in  Figs.  16  and  17  indicates  that 
a  20-lbs/ ft^  base  loaded  hovercraft  type  air  cushion  ve¬ 
hicle  requires  3.65  times  as  much  power  at  100  miles  per 
hour  as  an  equivalent  air  cushion  vehicle  utilizing  aero¬ 
dynamic  off-loading. 

Since  configuration  (4)  was  the  most  efficient  hover 
system,  it  was  decided  to  use  this  as  the  basic  hover  con¬ 
figuration  during  the  evaluation  of  variable  leading  and 
trailing  edge  nozzles  for  cruise.  In  addition,  the  re¬ 
sulting  CRV  s  were  assumed  to  cruise  at  2. 67  feet  as  well 
as  1. 33  feet  although  the  installed  power  in  both  cases  was 
that  required  to  hover  at  1. 33  feet.  This  was  permitted 
due  to  the  dissimilar  power  requirements  when  both  the 
hover  and  cruise  height  are  the  same.  In  some  cases  the 
power  to  cruise  at  2.67  feet  was  slightly  greater  than 
that  required  to  hover  at  1. 33  feet.  In  these  cases  the 
expendable  weight  (zero  range)  was  reduced  to  account  for 
the  increased  powerplant  weight.  Since  test  data  for  con¬ 
figuration  (4)  were  not  obtained  at  a  scaled  cruise  height 
of  2.67  feet,  the  configuration  cruised  at  2.67  feet  are 
compared  to  configuration  (1),  for  which  test  data  were 
available  and  which  approached  configuration  (4)  in  range 
and  weight  potential. 


Differential  Jet  Thickness  and  Angle 

The  effect  of  differential  jet  thickness  and  jet 
angle  for  cruise  at  1. 33  feet  is  given  in  Fig.  18.  De¬ 
creasing  the  thickness  of  the  leading  edge  jet  to  a  t/h 
of  0. 188  and  increasing  the  thickness  of  the  trailing  edge 
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jet  to  a  t/h  of  0.564  and  deflecting  it  aft  to  the  60-degree 
position,  configuration  (12),  resulted  in  approximately 
10-percent  increase  in  range  for  all  base  loadings  with  all 
engines  operative  (+25  percent  for  half  engines  operative) 
and  at  400-mile  range  resulted  in  a  500- lbs  reduction  in 
gross  weight  (-7  percent).  Closing  down  and  fairing  the 
leading  edge  nozzle  and  deflecting  the  basic  thickness 
nozzle  (t^h  of  0.375)  aft  to  the  60-degree  position,  con¬ 
figuration  (13),  increased  the  range  another  10  percent  and 
resulted  in  another  500-lbs  reduction  in  gross  weight  for 
the  400-mile  range.  Increased  range  due  to  shutting  down 
50  percent  of  the  engines  increased  with  the  increasingly 
more  efficient  cruise  configurations. 

The  effect  of  differential  jet  thickness  and  jet  angle 
for  cruise  at  2.67-feet  height  (power  installed  for  1.33 
feet  hover)  is  given  in  Fig.  19  and  compared  with  config¬ 
uration  (1)  operated  in  the  same  manner.  Configurations 
( 1) ,  (12),  and  (13)  are  all  capable  of  meeting  the  400-mile 
requirement,  although  the  basic  hover  configuration  (1), 
could  just  make  spe'  ified  range..  The  gross  weights  re¬ 
quired  by  configurations  (12)  and  (13)  to  meet  the  400- 
mile  range  at  2. 67 -feet  cruise  are  11,920  lbs  and  10,750 
lbs,  respectively,  which  compare  with  the  gross  weights  of 
7540  lbs  and  7070  lbs,  respectively,  for  cruise  at  1.33 
feet.  Both  configurations  (12)  and  (13)  required  increased 
power  to  cruise  at  2.  67  feet  over  that  to  hover  at  1. 33 
feet.  The  effect  on  expendable  weight  can  be  found  in 
comparing  Figs.  18  and  19. 


Tip  Jet  Plus  Jet  Flap 

The  effect  of  closing  down  and  fairing  the  leading 
edge  jet  and  allowing  the  trailing  edge  jet  nozzles  to 
assume  deflections  of  30,  45,  and  60  degrees,  configurations 
(18),  (19),  and  (20),  for  1.33-feet  cruise  height  is 
given  in  Fig.  20.  Jet  flaps  greatly  increase  the  range 
potential  of  these  vehicles.  The  performance  of  the  30- 
and  60-degree  jet  flap  configurations  are  equivalent  and 
about  10  percent  greater  than  the  45-degree  system  and 
about  50  percent  greater  than  the  basic  hover  configura¬ 
tion  (4)  (half  engines  operative  during  cruise).  None  of 
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these  cruise  configurations  required  increased  power  over 
that  required  for  hover  and  therefore  the  expendable  weight 
at  zero  range  remains  constant  for  all  configurations. 

These  configurations  are  compared  at  2. 67 -feet  cruise 
height  in  Fig,  21.  At  this  height  the  tip  jet  plus  60- 
degree  jet  flap  exhibited  maximum  range  potential.  For  the 
400-mile  range,  an  increase  in  base  loading  from  11  Ibs/ft^ 
to  13,5  lbs/ft2  allowed  the  cruise  height  of  the  vehicle  to 
be  doubled.  In  addition,  the  expendable  weight  at  zero 
range  of  the  tip  jet  plus  60-degree  jet  flap  configuration 
remained  constant  with  respect  to  configuration  (4)  at  1.33 
feet  hover  height  due  to  excellent  power  matching  between 
configuration  (4)  at  1.33 -feet  hover  and  configuration  (20) 
at  2.67  feet  cruise  heights.  The  jet  flap,  utilized  at 
cruise  in  conjunction  with  tip  jets,  forms  in  essence  an 
end-plated  ram  wing  which  reduces  the  loss  in  cruise 
efficiency  with  height.  At  1,33-feet  height  the  30-  and  60- 
degree  jet  flaps  offered  the  best  range  potential,  while  at 
2. 67 -feet  height  the  60-degree  jet  flap  appeared  best. 
Variable  configuration  nozzles,  at  least  at  the  leading  and 
trailing  edges,  with  the  ability  to  close  the  leading  edge 
nozzle,  appear  to  be  desirable  in  effecting  efficient  cruise. 


Leading  and  Trailing  Edge  Jet  Off 

The  cruise  performance  at  1,33  feet  of  the  tip  jet, 
configuration  (21),  is  shown  in  Fig,  22,  This  configura¬ 
tion  is  an  end-plated  airfoil  section  flying  at  zero  degree 
angle  of  attack,  the  "end-plates”  being  formed  by  the  air 
jet  issuing  from  the  tips  of  the  wings.  This  configuration 
has  comparable  range  versus  base  loadings  with  respect  to 
configuration  (4)  at  this  height.  However,  configuration 
(21)  could  not  be  operated  at  2.67  feet,  due  to  large  de¬ 
creases  in  cruise  efficiency  associated  with  the  tip-jet- 
fed  trapped  vortex  located  between  the  base  of  the  vehicle 
and  the  ground  (Volume  II).  The  addition  of  jet  flaps 
(above)  restrains  the  formation  of  these  tip- jet-generated 
vortices.  The  decrease  in  cruise  efficiency  at  this  height 
resulted  in  such  large  installed  power  requirements  that 
fuel  was  not  permitted. 
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Shutting  down  the  trailing  edge  jet  flap  and  cruising 
on  tip  jets  alone  reduced  the  potential  of  these  vehicles 
at  1.33-feet  cruise  height  and  did  not  permit  them  to 
cruise  at  2.  67  feet. 


Number  of  Engines 

Multiple  engine  installations,  even  for  the  integrated 
powerplant  systems  considered,  also  appear  desirable  in 
effecting  efficient  cruise.  Due  to  the  dissimilar  power 
requirements  between  hover  and  aerodynamically  off-loaded 
cruise  at  a  given  height,  range  at  this  height  can  be 
extended  by  shutting  down  a  portion  of  the  installed  en¬ 
gines  (turboprops  or  turboshafts)  and  operating  the  re¬ 
mainder  at  higher,  but  more  economical,  power  settings. 
Thus,  while  the  excess  power  available  during  cruise  can 
result  in  higher  cruise  heights  when  higher  heights  are 
required,  a  multiple  engine  installation  can  afford  large 
increases  in  range  over  that  of  a  single  engine  installa¬ 
tion,  when  only  hover  type  cruise  heights  are  required. 

The  more  efficient  the  cruise  configuration,  that  is,  the 
more  effective  the  aerodynamic  off-loading,  the  more  ad¬ 
vantageous  a  multiple  engine  installation  is  in  achieving 
increased  range.  Although  only  a  multiple -of -two  engine 
installation  with  either  all  or  one  half  the  engines  oper¬ 
ating  was  investigated,  it  was  evident  during  the  course 
of  the  study  that  greater  ranges  could  have  been  achieved 
in  many  instances  with  3  out  of  4,  or  2  out  of  3  engines 
operating. 


Effect  of  Other  Parameters 


The  effect  of  varying  some  of  the  assumed  constants 
and  restraints  (page  8  and  Appendix  I)  was  investigated 
to  judge  their  severity  with  respect  to  performance.  The 
effect  of  varying  drag,  ducting  efficiency,  structural 
weight  ratio,  design  altitude -temperature- conditions  and 
design  payload  was  investigated  on  configuration  (4)  for 
the  CRV  mission.  These  are  showi  in  Figs.  23  through  27. 
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The  effect  of  increasing  drag  25,  5(^  and  75  percent 
is  shovm  in  Fig.  23.  Between  12  and  16  lbs/  ft^  base 
loading,  range  was  diminished  2.  3  miles  per  percent  drag 
increase.  However,  even  with  a  75  percent  increase  in 
drag,  the  400  mile  range  can  be  met  by  increasing  the  base 
loading  from  12.  3  to  15.  5  lbs/  ft^.  Since  the  power  at 
cruise  was  very  close  to  that  for  hover  at  initial  base 
loadings .  on  configuration  (4) ,  increases  in  drag  made 
the  cruise  conditions  critical  with  respect  to  maximum 
installed  shaft  horsepower  and  therefore  the  100  mile  per 
hour  speed  requirement  could  only  be  met  by  decreasing  the 
expendable  weight  (available  fuel  for  example).  This  re¬ 
quired  expendable  weight  decrease  was  increasingly  pro¬ 
nounced  with  decreasing  base  loading,  very  little  effect 
being  noticed  at  20  Ibs/ft^,  even  with  a  75  percent  in¬ 
crease  in  drag. 

The  effect  of  decreasing  duct  efficiency  is  shown  in 
Fig.  24.  At  high  base  loadings,  reducing  the  ducting 
efficiency  14  percent,  (from  0.7  to  0.6)  had  a  larger 
effect  on  range  than  did  a  75  percent  increase  in  drag. 

This  vastly  greater  effect  on  range  with  decreased  ducting 
efficiency  was  due  to  the  increased  installed  power  re¬ 
quired  for  hover.  This  is  evident  when  comparing  the  ex¬ 
pendable  weight  at  zero  range  in  Figs.  23  and  24.  The  de¬ 
crease  in  expendable  weight  at  high  base  loading  was  negli¬ 
gible  for  the  increased  drag  case  but  extensive  in  the  de¬ 
creased  ducting  efficiency  case.  These  large  decreases 
in  expendable  weight  together  with  the  higher  cruise  shaft 
horsepowers  required,  coupled  to  decrease  range  precipi¬ 
tously.  Thus,  the  400-mile  range  that  could  be  met  with 
a  vehicle  of  12.3-lbs/ft2  base  loading  and  a  ducting  ef¬ 
ficiency  of  0.7,  requires  a  base  loading  of  14  Ibs/ft^  for 
a  ducting  efficiency  of  0.  6,  and  cannot  be  met  at  all  with 
a  ducting  efficiency  of  0.  5.  Fig.  24  reveals  that  optimum 
base  loadings  (max  range  for  given  payload)  increase  with 
increased  duct  efficiencies. 

The  effect  of  varying  the  structural  and  equipment 
weight  is  shown  in  Fig.  25.  The  structural  and  equipment 
weight  ratio  was  varied  -10,  +10,  and  +20  percent.  In¬ 
creasing  the  structural  weight  ratio  has  a  large  effect 
on  range  and  expendable  weight.  Its  effect  is  most  pro- 
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noiinced  at  the  lighter  base  loadings  since  the  structural 
and  equipment  weight  ratio  increases  with  decreasing  base 
loading  (Fig.  4).  Fig.  25  indicates  that  increasing  the 
structural  and  equipment  weight  ratio  20  percent  reduces 
range  35  percent  at  20-lbs/ft^  base  loading  and  57  percent 
at  12-lbs/ft^  base  loading.  For  the  400-mile  range,  in¬ 
creasing  the  structural  and  equipment  weight  ratio  20  per¬ 
cent  increased  base  loading  from  12,3  to  16.9  Ibs/ft^,  or 
37,5  percent. 

The  effect  of  design  temperature-altitude-condition 
is  given  in  Fig,  26.  The  design  temperature-altitude- 
condition  was  first  relaxed  from  90  degrees  F,  at  sea  level 
to  standard  condition  at  sea  level  and  then  increased  in 
severity  to  90  degrees  F.  at  6000  feet.  The  effect  on  range 
and  expendable  weight  is  seen  to  be  small  with  respect  to 
the  mean  condition  chosen. 

The  effect  of  increasing  the  fixed  design  payload  on 
the  CRV,  (say,  additional  crew,  mine  detection  system, 
night  time  infrared  viewing  equipment,  armor  plate,  shovels, 
mechanical  saws,  etc.)  is  given  in  Fig,  27,  Doubling  the 
payload  of  the  CRV  vehicle  increases  the  base  loading  of 
the  vehicle  from  12,3  to  15,3  Ibs/ft^,  or  roughly  24  percent, 
for  400-mile  range.  This  smaller  ratio  of  gross  weight  to 
payload  increase  is  due  to  the  small  percentage  of  design 
payload  originally  stipulated.  The  addition  of  an  addition¬ 
al  crewman,  his  personal  equipment,  and  the  necessary 
installed  weight  to  accomodate  him,  say  250  lbs,  at  the 
design  stage,  only  causes  nominal  increases  in  base  loading, 

PERFORMANCE  OF  THE  LOGISTICS  VEHICLE 


The  LV  was  analyzed  using  the  first  9  jet  configura¬ 
tions  operating  at  the  stipulated  height  of  2.0  feet  and 
cruise  speed  of  60  miles  per  hour.  In  addition,  the  best 
jet  configuration  of  the  above  9  was  then  analyzed  at  a 
cruise  speed  of  100  miles  per  hour  and  further  analyzed 
with  the  addition  of  jet  flap  trailing  edges  at  100  miles 
per  hour  cruise  speed.  Lastly,  the  jet  flapped  configur¬ 
ation  was  analyzed  at  a  cruise  speed  of  100  miles  per  hour 
and  cruise  height  of  4,0  feet.  The  data  are  presented 
as  expendable  weight  versus  range,  to  allow  eval- 
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uatlon  of  the  effect  of  increased  payload  on  range  ,  and 
as  range  versus  initial  base  loading  for  the  5000- lbs 
(specified)  and  2000-lbs.  payload.  The  data  for  the  first 
9  configurations  are  presented  in  Figs.  28  through  36. 

With  5000-lbs  payload,  none  of  the  first  9  jet  con¬ 
figurations,  operating  at  a  cruise  speed  of  60  miles  per 
hour,  can  meet  the  "required"  480-mile  range;  nor  can  this 
range  be  met  with  2000  lbs  of  payload.  The  best  config¬ 
uration  is  configuration  (4)  (as  it  was  in  the  100-mile 
per  hour  CRV  mission)  which  will  allow  1300  lbs  of  pay- 
load  to  be  carried  480  miles  or  will  carry  5000  lbs  of 
payload  260  miles.  The  reduction  of  installed  powerplant 
weight  afforded  by  (4)  was  the  determining  factor. 

Configurations  (1)  and  (2)  compare  with  configuration 
(4)  as  follows: 


RANGE 

PAYLOAD 

Config. 

5000  lbs. 
payload 

2000  lbs. 
payload 

480  miles 
range 

— 

240  miles 
range 

4 

260  miles 

430  miles 

1300  lbs. 

5400  lbs. 

1 

170 

302 

- 

3300 

2 

196 

343 

- 

4000 

Reducing  the  range  to  one  half  of  that  "required" 

(that  is,  240  miles)  results  in  usable  vehicles  with  jet 
configurations  (1),  (2),  and  (4).  The  other  6  configura¬ 
tions  did  not  show  any  weight  carrying  capabilities  be¬ 
yond  2000  lbs ,  even  at  the  240-mile  range. 

Although  the  maximum  load  carrying  capability  was 
exhibited  at  the  heaviest  base  loading  investigated, 
maximum  range  at  the  reduced  payload  of  2000  lbs  occurred 
at  initial  base  loadings  less  than  20  lbs/ft2j(19  Ibs/ft^  for 
configurations  listed  above).  These  maximum  ranges  at 
reduced  payloads  were  obtained  by  shutting  down  one  half 
of  the  installed  engines  when  the  reduced  weight  of  the 
vehicle  (due  to  fuel  burn-off)  would  permit  allowable 
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power  settings  of  the  remaining  engines.  For  configura¬ 
tion  (4) ,  maximum  range  for  2000 -lbs  payload  was  increased 
from  385  to  430  miles  by  this  process. 

Since  minimum  power  with  velocity  was  not  exhibited 
at  60  miles  per  hour  (Fig.  16  but  with  the  required  shaft 
horsepower  multiplied  by  2. 25  to  make  it  applicable  to 
the  LV)  it  was  decided  to  evaluate  configuration  (4)  at 
100-miles  per  hour  cruise  speed.  Fig.  37  illustrates  the 
results  of  this  investigation  for  5000-lbs  payload.  The 
''required"  480-mile  range  can  almost  be  met,  short  by  40 
miles.  A  vehicle  with  a  base  loading  of  approximately 
21.6  IbSi^ft^  (31,850-lbs  gross  weight)  would  satisfy  this 
range  "requirement,"  although  endurance  would  only  be  4.8 
hours,  instead  of  the  stipulated  8  hours.  At  240  miles, 
7700  lbs  of  payload  can  be  carried  with  an  initial  base 
loading  of  20  lbs/ ft^. 

It  was  also  decided  to  evaluate  the  LV  at  100-miles 
per  hour  cruise  with  the  best  cruise-jet  flap  configuration 
indicated  by  the  CRV  analysis  for  this  height-size  ratio. 
Fig.  38  illustrates  the  results  of  the  5000-lbs  payload 
LV  using  configuration  (4)  for  hover  and  operating  during 
cruise  wl^h  the  front  jet  closed  and  faired  and  a  30-degree 
jet  flap,  configuration  (18),  at  the  trailing  edge.  The 
480-mile  range  requirement  can  be  met  with  5650-lbs  pay- 
load,  or  the  5000-lbs  payload  can  be  carried  540  miles 
with  20-lbs/ ft^  initial  base  loading  or  480  miles  at 
18-lbs/ft^  initial  base  loading. 

With  the  payload-range  requirement  exceeded,  it  was 
decided  to  evaluate  configuration  (4)  at  4.00-feet  cruise 
height  and  add  the  best  cruise  -jet  flap  configuration 
indicated  for  this  height-size  ratio  in  the  CRV  mission 
analysis.  The  total  installed  power  is  still  that  re¬ 
quired  to  hover  at  2.00  feet  with  configuration  (4)  but 
now  cruise  is  at  4.00  feet  with  configuration  (20).  The 
results  are  presented  in  Fig.  39.  Although  the  initial 
expendable  weight  remains  the  same,  due  to  the  good  power 
matching  between  high  cruise  -  low  hover  height ,  fuel  is 
very  rapidly  diminished  due  to  the  high  cruise  power  re¬ 
quired.  Still,  5000  lbs  of  payload  can  be  carried  367 
miles,  which  is  more  than  100  miles  greater  than  the  fixed 
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jet  system  operating  at  60  miles  per  hour  and  2.0-feet 
cruise  height. 

The  four  configurations  evaluated  above  are  compared 
directly  in  Fig.  40  for  the  5000 -lbs  payload  case.  Some 
pertinent  results  are  tabulated  below.  Gross  weights  for 
these  vehicles  are  included  for  each  result. 


Conf. 

MPH 

Cruise 

Height 

Range 

5000  lbs 
Payload 

Payload 

480  Miles 
Range 

Payload 
240  Miles 
Range 

4 

60 

2.  0« 

260  miles 
29500  lbs 

1300  lbs 
29500  lbs. 

5400  lbs 
29500  lbs 

4 

100 

2.0' 

440  miles 
29500  lbs 

4500  lbs 
29500  lbs 

7700  lbs 
29500  lbs 

480  miles 
31850  lbs 

5000  lbs 
31850  lbs 

5000  lbs 
22100  lbs 

4-18 

100 

2.  O' 

542  miles 
29500  lbs 

5650  lbs 
29500  lbs 

8350  lbs 
29500  lbs 

480  miles 
26550  lbs 

5000  lbs 
26500  lbs 

6300  lbs 
20000  lbs 

4-20 

100 

4.0' 

367  miles 
29500  lbs 

- 

7000  lbs 
29500  lbs 

390  miles 
34700  lbs 

5000  lbs 
23300  lbs 

The  range  of  the  last  three  vehicles,  as  well  as  their 
additional  payload  carrying  capability,  can  be  increased 
by  increasing  the  initial  base  loadings  (gross  weight) 
whereas  maximum  range  had  peaked  for  the  first  vehicle, 
configuration  (4)  at  60  miles  per  hour,  at  an  initial  base 
loading  of  19  lbs/  ft^. 
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Maximum  cmise  efficiency  for  the  LV  is  thus  achieved 
by  designing  the  vehicle  so  as  to  be  able  to  obtain  aero¬ 
dynamic  lift,  and  then  by  operating  it  at  speeds  that  will 
allow  the  aerodynamic  lift  to  be  realized.  The  total  power 
required  at  speed  is  considerably  less  for  the  aerodynami- 
cally  off-loaded  vehicle  than  for  the  non-aerodynamically 
off-loaded  (SR-Nl  type)  vehicle. 
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CONCLUSIONS 


Selected  vehicles  for  the  command  reconnaissance  and 
logistics  missions  outlined  in  Ref.  1  were  analyzed  with 
the  data  obtained  in  this  wind  tunnel  investigation.  Re¬ 
laxation  of  one  of  the  four  mission  requirements  allowed 
the  other  three  to  be  met  or  approached.  This  was  es¬ 
pecially  true  with  respect  to  the  maximum  hover  capability 
of  the  CRV  and  the  mission  duration  of  the  LV. 

Reducing  the  hover  height  capability  of  the  CRV  from 
4. 00  feet  to  1. 33  feet  allowed  the  CRV  mission  to  be 
achieved  at  1. 33-feet  cruise  height  and  in  some  cases 
2. 67-feet  cruise  height. 

Reducing  the  mission  duration  of  the  LV  from  8  hours 
to  4  hours  allowed  the  remainder  of  the  mission  require¬ 
ments  to  be  achieved.  Reducing  the  payload  from  5000  lbs 
to  2000  lbs  almost  provided  specified  duration.  Alter¬ 
natively,  increasing  the  cruise  speed  allowed  the  specified 
range  with  5000-lbs  payload  (although  not  the  endurance) 
to  be  met. 

Cruise  performance  of  these  vehicles  demanded  effi¬ 
cient  hover  configurations  so  that  sufficient  fuel  could 
be  carried.  The  best  hover  configuration  tested  was  the 
120-degree  jet  deflection  nozzles  at  the  leading  and  trail¬ 
ing  edges  (the  tip  jets  were  fixed  at  90  degrees  in  this 
investigation).  However,  cruise  range  could  be  increased 
50  percent  or  more  by  providing  jet  flap  trailing  edge 
nozzles  and  closing  or  fairing  the  leading  edge  nozzles. 
Variable  configuration  nozzles,  at  least  at  the  leading 
and  trailing  edges,  appear  to  be  highly  desirable  in 
effecting  aerodynamic  off-loading  and  efficient  cruise. 

Multiple  engine  installations  with  turboprop  engines 
also  appear  highly  desirable  in  effecting  efficient  cruise. 
The  dissimilar  power  requirements  between  hover  and  cruise 
in  high  base  loaded  vehicles  can  be  exploited  in  increased 
range  by  shutting  down  some  portion  of  the  installed  en¬ 
gines  and  operating  the  remainder  at  higher  but  more 
efficient  cruise  power  settings. 
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Speed  for  minimum  power  requirements  is  a  function 
of  base  loading  (and  parasite  drag).  For  the  configura¬ 
tions  in  these  tests,  100  miles  per  hour  offered  the 
lowest  required  power  for  20  Ib^ft^  base  loading. 
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APPENDIX  I 


PERFORMANCE  CALCULATION  METHOD 


The  expendable  weight/range  curves  were  calculated 
using  a  variation  of  the  growth  factor  equation 

„  = _ Vl 

^  ^  “  ^SfE  “  ^H-FS  ■ 


where 


Wg  «  Initial  gross  weight,  a  function  of  base 
loading  and  hover  height. 

Wp/^  =  Payload  weight .  750  lbs.  for  the  CRV  and  5000 
'  (or  2000)  lbs.  for  the  LV. 

^S+E  -  equipment  weight  to  gross  weight 

ratio. 

_  Fuel  and  fuel  system  weight  to  gross  weight 
ratio. 

Kp  =  Installed  powerplant  to  gross  weight  ratio. 


The  three  ratios  are  derived  below. 

The  structure  and  equipment  weight  to  gross  weight 
ratio  is  equal  to 


W  +W 

„  _  structure  equipment 

SfE 

(j 

This  ratio,  a  function  of  planform  loading  (Fig.  4),  was 
obtained  from  Ref.  5,  and  represents  the  bottom  of  the 
envelope  of  structural  weight  ratios  for  light  to  medium 
impact  load  conditions.  The  planform  to  base  loading 
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ratio  Is  0. 833  for  the  structural  overlap  of  the  basic 
configuration.  At  each  base  loading  this  ratio  was  con¬ 
sidered  invariant  with  respect  to  the  addition  of  var¬ 
iable  leading  and  trailing  edge  nozzles.  (If  desired,  a 
penalty  can  be  added  for  these  features  by  claiming  this 
weight,  if  estimatable,  as  "additional"  payload.) 


The  fuel  and  fuel  system  weight  to  gross  weight  ratio 
is  equal  to 


*S4*FS 


'^fuel  ^^fuel  system  -  ^f 


W, 


\  J"'“lnst  S  X  SFC„^  V  S  *  ‘'““"J 


w. 


where 

_  Total  fuel  plus  fuel  system  weight  to  fuel 
^f  weight  ratio.  This  was  taken  as  1.  1  (Ref.  5). 


=  installed  shaft  horsepower.  This  is  equal 
to  military  rated  power  of  the  engines  times 
the  number  of  engines  operating  at  cruise 
condition. 


P/ S  ife  power  setting  of  the  engines  operating  at 
cruise  condition  expressed  as  percent  of 
military  rated  power. 


specific  fuel  consvunptlon  at  military  rated 
power,  lbs  of  fuel  per  shaft  horsepower- 
hour.  The  value  0. 67  was  considered  typical 
of  light  to  medium  turboprops  at  sea  level, 
low  speed  conditions  (Refs,  6  and  7). 


F  _  ratio  of  SFC  at  a  particular  P^  to  the  SFC 
~  at  MRP.  This  ratio  was  obtaiiled  from  Ref. 
6  and  is  shown  in  Fig.  5. 
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The  ratio  K^^pg  can  therefore  be  expressed  as 

VfS  -  •”7(S«‘’crulse  Vs 

The  final  ratio,  the  installed  powerplant  to  gross 
weight  ratio,  is  equal  to 

+W  SHP 

„  ^  „  f  o  ,  fan  prop  transv  _ o 

^  i  ''SHP  SHP  SHP  ^  W_ 

o  o  o  G 


propulsion  system  installation  factor.  This 
factor  was  taken  as  1.3  (Ref.  5). 


engine  specific  weight  based  on  MRP.  This 
was  taken  as  0.  4  lbs/ SHP  for  turboprop  en¬ 
gines  (Refs.  5  and  7). 

-fan  plus  propeller  specific  weight.  This 
^o  was  taken  as  0. 3  lbs/  SHP  for  integrated 

powerplant  systems  where  the  maximum  horse¬ 
power  can  be  delivered,  alternately,  to  the 
fan  or  the  propeller  (Ref.  5). 


transmission  specific  weight.  This  was 
taken  as  0.  2  Ibsi^SHP  for  integrated  power 
plant  systems  (Ref.  5). 

SHP  =  total  installed  shaft  horsepower. 


trans  ^ 
SHP 

o 


r . 

3. 


where 


K.  = 
1 


W, 


SHP 


u 


eng.  oper.  G 


The  total  installed  horsepower  was  calculated  using  the 
maximum  horsepower  required  between  hover  and  cruise  speed 
(100  mph  for  the  CRV  and  60  mph  for  the  LV)  for  standard 
day  at  sea  level  conditions,  and  factored  for  both  a 
temperature-altitude-condition  and  an  excess  power  margin 
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for  control.  This  can  be  expressed  as 

SHP  SHP,,  ^  V  X  temp-alt- factor  x  thrust  margin 
o  (h  to  c)max  ® 

The  temperature-altitude-condition  considered  critical  was 
90°F.  at  sea  level,  and  the  excess  power  margin  for  control 
at  this  critical  condition  was  5  percent. 

This  critical  temperature-altitude-condition  is 
essentially  in  agreement  with  the  VTOL  requirement  stipu¬ 
lated  in  Ref.  8.  Since  lift^  air  horsepower  is  independent 
of  altitude  (Ref.  9)  the  temperature -altitude  factor  was 
considered  to  be  a  function  of  engine  type  only.  The 
effect  of  critical  temperature-altitude  on  shaft  horse¬ 
power  for  turboprop  engines  was  obtained  frcxn  Ref.  10. 

The  effect  was  to  increase  the  installed  shaft  horse¬ 
power  above  that  deemed  necessary  for  sea  level  hover 
(or  maintain  height  at  speed)  operation  by  18. 5  percent. 
Although  the  excess  power  margin  for  control  was  but  5 
percent,  the  excess  thrust  margin  is  approximately  15  to 
20  percent  of  gross  weight,  due  to  the  thrust/  power  ratio 
of  the  propellers.  Thus  a  5-percent  power  margin  is  con¬ 
sidered  adequate  for  control  of  air  cushioned  vehicles  at 
low  speeds. 

Returning  now  to  the  ratio  Kp  ,  we  can  express  it  as 

SHP 

K_  ^  1.3(0. 4+  0.3+  0.2) 

SHP 

-  1.17(-^) 

^i  G 

The  power  required  for  sea  level  operation  was  eval¬ 
uated  using  the  data  in  Volume  II  with  efficiencies  be¬ 
lieved  realistic  for  these  vehicles  and  biased  for  the 
temperature-altitude  condition.  It  was  shown  in  Volume 
II  that  the  shaft  horsepower  required  for  cruise  (or  at 
any  speed)  can  be  obtained  from  the  equation. 
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The  shaft  horsepower  required  at  speed  is  a  function  of 
the  parameters  C^,  ,  and  (V/Vj  ).  For  a  design  Cj^  (a 

function  of  base  loading  and  velocity) ,  C  and  (V/V.  )  were 

obtained  from  Figs.  10-61  of  Volxmie  II.  as  a  function 


of  C 

P- 


Is  presented  In  Figs. 


6  and  7. 


The  data  in  Fig.  6 


are  a  compilation  of  the  drag  data  for  the  symmetrical 
jet  configurations  while  the  drag  data  for  the  unsymmetrl- 
cal  configurations  are  presented  in  Fig.  7  (see  Voltnne  I). 
This  data,  along  with  the  pertinent  efficiencies  assumed 
for  fan,  ducting,  propulsive  system,  and  inlet  recovery, 
provided  the  necessary  inputs  for  the  calculation  of  the 
required  shaft  horsepower  from  40  mph  to  cruise  speeds. 


The  shaft  horsepower  required  for  hover  was  calculated 
by  using  the  data  presented  in  Figures  62-68  of  Volume  II. 
These  figures  allowed  direct  calculation  of  lift/ shaft 
horsepower  from  experimentally  obtained  values  of  lift/ air 
horsepower  and  base  loadings,  when  fan  and  ducting  effi¬ 
ciencies  were  added.  Typical  ranges  of  shaft  horsepower 
required  from  hover  to  cruise  speed  for  base  loadings  be¬ 
tween  9  and  20  lbs/ ft^  are  shown  in  Figs.  9  and  10  for 

the  CRV  and  LV  respectively.  It  will  be  immediately  noted 

that  the  cruise  speed  stipulated  for  the  LV  was  much  too 
low  with  respect  to  speed  for  minimum  power,  especially 
at  the  more  practical  base  loadings  of  16  and  20  lbs/ ft^. 
The  dip  in  the  shaft  horsepower  required  between  0  and  60 

mph  was  typical  for  the  high  base  loadings  and  was  due  to 

the  thrust  (negative  drag)  of  the  configuration  in  this 
range  (Figs.  6  and  7). 


The  nominal  efficiencies  used  in  the  above  evaluation 

were 
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.70 


T1 
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.95 


1 

I 

Tip  »  a  function  of  velocity  and  presented  in  Fig,  8. 

Although  air  cushion  vehicles  will  probably  utilize  shrouded 
propellers  for  propulsion  (for  both  increased  low  speed  effi¬ 
ciency  and  crew  protection)  propeller  efficiencies  of  Ref. 

11  (presented  in  Fig.  8)  were  used  since  available  exper¬ 
imental  data  on  shrouded  propellers  indicated  lower  effi¬ 
ciencies  in  the  high  end  of  the  speed  range.  It  is  thought 
that  eventual  full  scale  shrouded  propeller  development 
would  result  in  efficiencies  equal  or  greater  than  those 
used. 


When  all  of  these  developments  are  taken  into  account, 
the  growth  factor  equation  presented  on  page  28  can  be 
expressed  as 


] 

Rewriting  the  above  to  express  range  as  the  dependent 
variable 


W. 


“g- 


P/L 


+  .737(SHP^xFp^3xS^)^4.  „ 


-  1. 
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SHP 
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W^ 


S4E 
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Range 


(«G  -  -  “sfE  -  ”P/L> 

.737  SHP^  X  Fp^g 


W  V 
F+FS 


.  737  SHP^  X  Fp^g 


In  differential  form. 


dR  = 


dW 


.737  SHP^  X  Fp^g 
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Integrating, 


r'^F+FS 

„  ^  V 1  dW 

Range  “  737  1  gjjp^  ^  Fp^g 

J  0 

The  range  for  each  configuration  was  evaluated  by 
step  integration,  using  appropriate  average  values  of 
SHP^  and  Fp^g  at  each  interval.  The  results  were  then 

plotted  as  range  versus  expendable  weight  over  a  range  of 
initial  base  loadings  from  9  to  20  Ibs/ft^  (initial  gross 
weights  5895  to  13,100  lbs.)  for  each  configuration,  and 
then  cross  plotted  as  range  versus  base  loading  (see 
page  7  ).  In  addition,  the  expendable  weight  at  zero 

range  was  plotted  versus  base  loading  to  facilitate  com¬ 
parisons  between  installed  engine  weight,  which  was  a 
function  of  hover  efficiency  or  in  some  cases,  decreased 
cruise  efficiency.  For  short  range  operation  the  expend¬ 
able  weight  at  zero  range  can  Indicate  the  increase  in 
payload  that  could  be  carried  by  these  vehicles.  Base 
loading  was  used  as  the  basic  parameter  instead  of  gross 
weight  to  facilitate  scaling  these  data  to  larger  vehicles 
at  the  same  height-size  ratio. 
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Conunand  Reconnaissance  Vehicle 


Fig.  3  Weight  vs.  Base  Loading 
39 
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Fig.  4  Structural  and  Equipment  Weight  Factor 


S3nntimetrical  Configurations 


Unsymmetrical  Configurations 
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Fig.  9  Typical  Range  -  Shaft  Horsepower  Required  vs. 
Velocity  -  Command  Reconnaissance  Vehicle 


45 


Fig.  10  Typical  Range  -  Shaft  Horsepower  Required  vs. 
Velocity  -  Logistics  Vehicle 
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Fig.  11  Effect  of  Height  -  CRV 
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Fig.  12  Effect  of  Jet  Thickness  -  CRV 
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Fig.  13  Effect  of  Jet  Angle  -  CRV 


49 


Fig.  14  Effect  of  Differential  Mass  Flows  -  CRV 
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Fig.  16  Shaft  Horsepower  Required  vs.  Velocity  -  C 
Config.  4 
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Fig.  17  Shaft  Horsepower  Required  if  There  Were  No  Aero 
dynamic  Off-Loading  -  CRV  Contig.  A 
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18  Effect  of  Differential  Jet  Thickness 
for  Cruise  -  CRV,  h  =  1. 33  ft. 
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Fig.  21  Effect  of  Tip  Jet  Plus  Jet  Flap  During  Cruif* 
CRV,  h  =  2.  67  ft. 
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23  Effect  of  Aerodynamic  Drag  -  CRV 
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24  Effect  of  Duct  Efficiency  -  CRV 
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Fig.  25  Effect  of  Structural  Weight  -  CRV 
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Fig.  28  Expendable  Weight/Range  -  LV  Config.  1 
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Fig.  29  Expendable  Weight/Range  -  LV  Config.  2 
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Fig.  30  Expendable  Weight/Range  -  LV  Config.  3 
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Fig.  31  Expendable  Weight/Range  -  LV  Config.  4 
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Fig.  33  Expendable  Weight/Range  -  LV  Config.  6 
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Fig.  35  Expendable  Weight/Range  -  LV  Config.  8 
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Fig.  36  Expendable  Weight/Range  -  LV  Config.  9 
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Fig.  37  Expendable  Weight/Range  -  LV  Config.  4,  Cruise 
at  100  mph 
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Fig.  38  Expendable  Weight/Range  -  LV  Config.  18,  Cruise 
at  100  mph,  h  =  2. 0  ft. 


74 


DISTRIBUTION 


Ofc  of  Ord,  ODDR&E  2 

First  US  Army  1 

Fourth  US  Army  I 

Sixth  US  Army  1 

USACGSC  1 

USAARMBD  1 

USAAVNBD  1 

USATMC(FTZAT),  ATO  1 

USAPRDC  1 

DCSLOG  1 

Rsch  Anal  Corp  1 

ARO,  Durham  2 

Ofc  of  Maint  Engr,  ODDRStE,  OSD  1 

NATO  1 

ARO,  OCRD  1 

CRD,  Earth  Sen  Div  1 

USAERDL  2 

USAOTAC,  Center  Line  2 

OrdBd  1 

QMBd  1 

QMRECOMC  1 

QMFEA  1 

QMFSA  1 

SigBd  1 

CofT  8 

USATCDG  1 

USATB  1 

USATMC  20 

USATSCH  4 

USATRECOM  32 

USATTCA  1 

USATTCP  1 

OUSARMA  1 

USATRECOM  LO,  USARDG  (EUR)  1 

USAEWES  3 

C  Co,  721st  Trans  Bn  (Ry  Opr)  1 

B  Co,  721st  Trans  Bn  (Ry  Opr)  2 

USATDS  2 

USARPAC  1 

USARHAW  2 


77 


ALFSEE 

USACOMZEUR 

APGC{PGAPI) 

Air  Univ  Lib 
ASD(ASRMPT) 

CNO 

CNR 

BUWEPS,  DN 
ACRD(OW),  DN 
USNCEL 
USNSRDF 
BUYfcD,  DN 
USNPGSCH 
BUSHP,  DN 
USNOTS 

Dav  Tay  Mod  Bas 

MCLFDC 

MCEC 

USCG 

USASGCA 

Canadian  LO,  USATSCH 
BRAS,  DAQMG(Mov  &  Tn) 

USASG,  UK 
NAFEC 

Langley  Rsch  Cen,  NASA 

MSC,  NASA 

NASA,  Wash.,  D.C. 

Ames  Rsch  Cen,  NASA 

Lewis  Rsch  Cen,  NASA 

Sci  &£  Tech  Info  Fac 

USGPO 

ASTIA 

USAMRDC 

USAMRL 

WRAIR 

HUMRRO 

CIA 

Grumman  Aircraft  Engineering  Corporation 


1 

3 

1 

1 

1 

1 

3 

4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 

4 
1 
3 
2 
1 
6 
2 
1 
1 
1 

10 

1 

1 

2 

2 

1 

10 


78 


c  « 

O  I  O 

!d  n  « 

(Q  a>  e 
3  fH  C 
o  o  o 

-H  V| 
(4  j:: 

•He)® 

•<  >  pbi 


a  oo 


g  •  s 
« s 

«  O  B 
d  vH  C 
o  o  o 

H  -c  ^ 

«H  «  1> 


Ja§ 


»H 

•  fu  M 

e-a^ 

O  >H  S 


Q  H  )-1  O 

«  X  >H  <  M 
«  H  C'  «  W 

•S  S  S  **  ® 

u  CO  sa 

c  Jil 

CD  *80 

b  S  §  g 

<  wo  s 
«  l5 

Sboet;  e  cq 

«  H  M  S 

B  n 

B  -c  ^  M  y 

S-*J  ® 

V  p  ^  * 

O  CQ  K  o  X 


\A  I 
I  -3  o> 

cy  -3  ro 


«  O  o 

■H  I  O. 

tH  C  0\  ffl 
®  O  ON  (3 
o  o  te 
■H  ^  Os  -o 

B 

O  £•  W  V| 
®  ^  <d  ‘H 
8-«  t-*  CO 

CD 

O  •>  CO 

U  CM  ^rH 
K  ^  00  O 
P  ^  O  C 
F«  1-1  t3 


Vl  TJ  g 

O  ®  ®  g 

,  G  Ch  O 

^  O  ®  O 

'O.H  » 

3  X!  >, 

e  . 

w  3  M  R  o 

o  M  •«;  K 

®  R  73  R  c 

q  -H  G  o  6 

C  TO  o3  «H  .H 


■P  R  M 
o 

•O  Vi  n 

•S-p  I 

?  vh  3 

*H  rH 

cd  iH  o 

to  to 
®  -p  « 
■p  G  iH 

iH  ®  t> 

3  6  -H 
«  ®  x: 

®  iH  ® 
«  O.  > 


1 

0 

G  0 

6h 

0  !  0 

1 

!c  9)  § 

.  ' 

-p  r- 

nop 

3  rH  R 

St 

000 
Rid  R 

C  ^  00 

0^0 

0  p  t— 

e 

e 

rH 

CM 

sj 

.as 

«  £  (4  <  H 

O  M  U  X  S 

c  3  M  < 


®  •  o 

R  M  ! 


OW  • 

m 


RS 

CM_3  CO 

>o3  O 

1SW 

D.-P  I  -P 

®  O  R 

fssi 

«  C  Os  X 

G  ^  » 

J!  •  -H 

o  g<  n  Vi 

0  p.  to  ^ 

*-•  *•<  o 

CO  o 
u  (d 

Gq  CM 

e«s  M 

t-  IH  c—  «5 


c  o 

O  I  t> 
•H  C 

xi  10  ta 
n  ®  E 
3  H  R 
000 

•H  Vi 
R  ^  R 
•H  V  ® 
is  >  Ok 


■P  C— 

O  iH 
to  ) 

is:^ 

G  cp 

.9^0 

t>  p  f- 


liaBi 

R  M  H  ca 

®  £  3  <  M 

sSgsSi 


?  rgi 

R  H  M  E 

•  * 

S  ffSM! 


iH  iH 
■UN  I 
I  -3  » 

cs)_3  ON 
so  O 

-P  SlA 

fe.p8 

P  O  I  .p 
o  ®  H  R 
K  R  Q  O 
•P  I  P 
rH  G  Os  ® 
®  O  Os  K 

"  S  — 

•H  ^Os  *0 

I 

^  n 

O  « 

gCM^iH 
NO  GO  O 

CX\0  c 

EH  H  r*-  O 


Results  of  a  ■wind  tunnel  study  of  sup-  Results  of  a  wind  tumel  study  of  *up- 

plementary  lift  for  air  cushioned  plementary  lift  for  air  cushioned 

■vehicles  (Volumes  I  and  H)  were  vehicles  (Voluaes  I  and  n)  were 

applied  to  vehicles  for  Army  command  applied  to  vehicles  for  Aruy  coaund 


& 

w  o 

«>  -H 
r-f  J3 


’  3  e 

I  bO  «)  CO  « 
•H  10  >  •H  ^ 
^  CO  O 


«>  q  O  O  »4  Cm 
xo  •H  -H  -P  a>  Vi 


>»  TJ 

10)  H  «> 

Vi  W  *0  TJ 

Vi  a  I  -P  bO  O  M  « 

oocdn  «>*HVi  •>  o«r-i 

X<»iQ  r-tj3  •  J3  fH^r-l  . 
OOPS  bO  C  I  CO  0)  « 

•HCbo  «)co«>qoo»4Viq-P^ttf 
B'HiH  10  ><H^*Hf-i-P  a>vi  3  n-p  a 
3  VicOOXi  TJ-P  900C  •H 

£:CC?.£>n)033h0  1-1  bO-P 

Fiiao  3>-PoqcDO,t>>-p  q<p 

T3  ObO  r-<30) 

oc  qxi  »4ibDa»cr-<  ux:  -p  io 

Xii-IW-HC  •AViiHacoQi-i.pcO 
0)  X3T)3b0a>V|Via)r-IC>0)  U  U 

«j;n)-Pco  cfxoc  •H*Hx:vio>j) 

p_o»h-hd<  ooee  ocuji 

HX3rH3X)«OOiO-H««Cl  OO 

(on^Vixsong^iacQ  ^x:  o  -o 
COOlSVi  fH«>3<U  iHT3-Pi-IC  •> 

0^1  0^1  iHe>(0T3O,43c0-P 

•H  OOIUN^QC  ^^-P^l  C 

mm  oua.iQco'axJOffiluno  «> 

loa)0>i-|  300  1-1^3  0.-P  iH 

•HHweMxicvig-p-*^  ®  vio 

BOiH3®  003  '0000)31-1 


3  3  O  O 

q  -H  c  o. 

Sxd  o  -o 
T3  -P  1-1  c  •> 
O  -P  3  "p 
-p  c 

3  3  0  3 

3  0,-P  iH 


OJh  OXh  iHe>3T30,433-P 
•H  33N&QC  ^^-P^l  C 

mm  oua.3c<i'ax30333o  3 

333i-|  300  1-1^3  0,-P  iH 

•HH3e3X)C!Vig-P-*^  3  ViO 
BOiH33  303  '000331-1 

•rjsqiHJS-Po  ccExJVi 

3A(i&iH-P3  iHf-l0330nV4 
t)30'De'H'<-iX5-P3  ^4303 

iH  ;»  o  »  -p  tt-p  mu  xi 
-P  00^0  300333  *>0X3 

3'ac3\obabox)  c:3>-P9qxi 

•H3-H3  d'O  qi-t30XS0-P0 

bOBb  Vi-H3b03  OX^bO'O  6 

ood«03  c  33  1-1  u 

r-ti-t'03  3bO.H'aemC3bOO  • 

x:  -p33C'OC'H  3xiq  u 

'O333'OX<'H'H3b0  3  •Ha.3 

C3r-t33t)pH>  C  t^C-POx: 
30X3-P3CiH0  333-P3-P»lhC 
3  p,^  3  >1  3  f-l  3  >  O  0,iH 

3  B  r-(  3  3  U  CXiH  3  X)  X)  i-l  X^  O  X! 


%u  w  w  "n  w  "n  "n  «w  ^ 

(X  C  ^  -P  3  c  ,  X3  -p 
3333-Pr-l33-P  v> 


r-ti-t'03  3bO.H'a 

x:  -p  3  3  C  'O  C 

'0333'0ti'H'H3 
C3r-t33t)pH> 
30X3-P3CiH0  3 
3  Cb-P  3  Bi  3 
3  B  r-(  3  3  U  OiiH 
O  iH  3  'O  -P  O 

C33  3-P3_qti 
3  >X333'a-HO 

3  Vi  3  -P  0,0 

3  0  3  3  3  3  -P 

•H 

3b03<i-liHebOX3  3 
qc»  -p3q3iH 
6iH03UB*Hq0 
O'O  D.C  O-H'OiH-H 
03  OVI-P33VI 
30Vii-4Vl  a3  3V| 
JiH0-P30r-('a3 


Vi  «  I  .P 
O  8  <1  « 

P  (i  Q 
U  O  p  e  n 

5  iH  3  * 
a  Vi  3  Q 

ec  q  *0 
•H  3  H  g 
3  x;  ^  3 

3  -P  3 
P  O  V 
iH  x:  r-t  3 
•  P  P  I  O 
3  E  Vi  x: 

g  u 

P  3 

3  8  •  O  CL 


c  •  3  c  p  o  x: 

333P3P»ihO 
„  m  f-l3>PO,P 

u  o,P  3  X)  XI  p  x:  o  xi 


P  P  3 
»i  a  q 
O  P  P 


bo  3  X) 

3  VP 

p  3  >k  3  3 


P  H  3  3  P  Xi 

C  5  TS  e  3  >0  3 

3  £  3  3  3  >0 

P  »i  3  *0  3  q 

O  P  P  3  C  C  P 


rr»  ^  ^  w  w 

p  P  3  C3  C  P 

XS  3  P  3  P  3 

hO  O'  3  P  g 

P  3  fci  «  C  3 

Jd  ^  O  3  3  h 


p  _  op  q  o 

3  *0  q  3VO 

0  0  3  •  o 

P  -rt  ‘6  3 
<0  3  3  to  ^ 

S  S 

3  q  P  3  8" 

Sp 

3  >  x:  3 

3  Vi  3  P 
3  0'  3 

p  q  c  > 

3  hO  3  p  p 
B  B  >  P 
B  P  O  3  U 
O 'd  P,  B  3 
0  3  O  Vi 
3  O  Vi  1-1  Vi 
q  H  O  P  3 


S  Q  3  3 

>  o  q 

q  I  & 
•  3  Vi  i-< 

M  3  Vi  ^ 

B  O.  O  B 

^  S'  O  8 

.3  Sl  % 

Sl§j 

l*5| 

3  Q  O 
OB  (3XB 
B  T)  B 

3  00  3 

3  hO^  P 

a-we  s 

pis 

3  P  -S  U 

6*  S  3  P 

s 

2-a 

■ut 

3  Vi 

D  p  P  3 


^  3  vj  a  3  q 

.  >  O  O  c  _P 
•3  o.^p  ? p 
S.  q  P  IS  S 

a  a  3  p  p  3 

3  p  o  3  q  q 

sir.^u 

■aseag-o- 

3  ^  o'**  p  a 
8  3  3  3  g 

:S5  "  3 -d 

3  P  Wl  3  3  P 

a^fiss-sS 

3  q  3  O  3 

p  3  q  jS 

o  x:.  (8  p  i 

3  3  p  q 

C  A  B  3  00  O  •! 

•a  i■®.So,fe 

8  3  J  S-g) 

H  3  3  P  _  w  q 
d  p  E  3  p  3 
sc  3  3  3  P 

K  q  3  P  3  B 

llilll 


•8  p 
3  3 

O  3  P 

3 


S’ 


Vi  3 

Vi  3  IP 
0  3  3  3 

q  q  o 
u  o  a  E  • 
P  B  bo  8 
E  P  P  3  ► 
3  Vh  3  O 

g.§  §  »•§ 

P  O  hO 

o  q  CP 
q  p  3  p  c 
3  x:  P  3 
p  3  P  3 

P  X3  p  3 
•  a  p  I  o 
3  3  p  p  xa 
B  3  ^  P 


S  q 

t3  O 

3  P  p  3 
P  X3  •  ^ 
hO  C 

3  3  3  C  O  O 


P 

3 

P  P 
3  3 

O  3  p 
P  XJ  P 
I  3  3 


M  f  VV  W 

S3  sqooqpqpxaoo 

3  ^PXBpPP  3V|  a  3P  c 
3oq_pp  900C  p 

»XB^3  033qo  Pt3P 

—  -  --  - 


3  q  3  3  q  o  p  tsp 
>P0q30.>»P  BP 
Pps  PX33P3 

u  I  bo  ou  q  p  bo^  p  3 

•  3PP  0.3  3PP  3 
h03PP3PO3  U  U 
COiOB  PPX1P33 


C  Oi  O  B  p 

q  p  o.  o  o  B 
3  P  3  O  O  3  p 


3  3  • 

3  3  3 


3  !d  q  ^ 
o  3  o  p 


ppxaosgqsn 
^  P  p  3  a  3  P 
o  q  P  c  >  3 'd 
3  3  M  ^  o  B 
•  o  0.3  Hpx:  o  3 
3  p  3  0  0  p  x: 
wgsxscqBPp 

P  3  3  3  0  3 

3  CPX3P  3  EPP 

q  ^p  p  3  _  p  p  o 

op  E'H-«-sx3P  3 
^  O  31  P  O.P  3 
hoqo  30033 


3  vO  bo  bO^ 


3  'PS  CP  qP3 
cq  ppsboa  o 
oaxora  C  33 
p  p  3  3  OOP  p  c  ra 

xi  P33qpqp 
33UP|iPPabO 
3P330pf»  c  • 
OXBP3CP0333 
3  O.P  3  q  3  p 
q  p  3  3  q  o.p  3  x> 

P'rl3  pp  aP3 

333P3_qqo-q 

>x:  3  sP-P  opp 


p  3  3  3  p 
c  a  P  3  3 


3  O  XB  P 

n 


3  3  0 

^  S..S 


3  p  3  P 
3  O 


•H  q  q 

3  00  ^  p 

c  P  o  3 

o  p  o.  c 


o.  c  p 

3  3  3  3  p  p 

p  B  bplo  S  £ 

p  a  c  xi  P 


cposogpqo 
OP  O.C  S-PPPP 
03  OPP33P 
3  oppp  0.3  3P 
qp  OP  3  OPP  3 


ooee  o  o.  9 

003P33  00 

P  P  3  q  p  c  o. 
g  q  3  3  &x:  o  p 
33  P'OPpq  •« 

C>3'tio  P3P 

30c  q  p  q  c 

p  x:  o  3  3  3  3 

p  p  x:  3  O.P  p 

q  g  P  P  3  Vi  o 

303  Pb033P 
3EPViCBEx:V 
_PP03303V| 
X3  P  3  q  3  o  3 

p  O.P  3  q  XI 

00333  Acqs 
XI  qat>p53q 
^  gP3ox:oPo 

bo  a  ox:  OOP  E 

q  _  3  3  p  q 

ppcracshoo  •• 
p  c  P  3  x:  c  q 

P  3  00  3  P  o.  3 

f»  c  •srcpox: 

O333P3Pqh0 
q3  P3>ao.p 
O.P  3  x>  X3  p  x:  ox: 

a  P  3  ho  3  x> 

q  q  o.  q  3  q  p 

p  UPPP3  >>a  3 

p  3  c  .0 
3PP  3  sp  v^q 
HB5PE3P  3 
o  3  £  3  3  3  p 

•  p  >>q3p3q 
qo  ippscc-^ 
HP  x:  a.P  3  p  3 
3V|  bOO*apbOB 


■p  3  q  M  c  3 
x:  q  o  0)  3  q 


3 

3  I  P 

8  0  3 


vqg  Px:  •  x>  p.6p  . 

J  S.®  ••'S  *18  Q  qv!.  c5^  5, 

Scy.03q33qo  pmp 

p  3>Poq30.  >»p  q  P 

.s2lls3S*^- 


5 

jS  t3  3  q3qvi  3p  o  3 


2  :§  ® 
q  P  3 


ao  c 
o  o 

3  0  0  3 


vh  3  P  o  3  q  q 

8  S  3  °  g-s 
q-d  S  g-g  “■ 

3  p  -OP  p  q  •! 
>  3  p  o  p  3  P 

9  c  q  p  q  c 
q  o  3  3  3  o  3 
_  p  .c  3  O.P  P 


p^oqpo.  oogB  00.3 
PX:pap3003.p33  00 

gP|03  P  psppc  o. 

pvix:o3gp33  R2  5  p 
s^xvi  pca®  p  -OP  p  q  •! 
u  oq  Pc>3Po  P3P 
933&9C  qpq  c 

3  •oa.3M‘pq03330  3 

30P  300  P.C3  O.P  P 

HogsxaBqgpp  3  vio 

|||35'£S|3V!'S  =  |3S 

Mqo  000333  •cqqs 

pes^bou^  ca>p5aq 

3P3^  B*®  qpSOXSOPQ 

^gq  viPsMa  oq  oop  a 

oa«03  q  33  P  q 

s;5  s-g  sSfJ  •  ?  •Ss^&JS 

-  2S-S  l-pa  b^ijis  , 

^  3  frS  3P??  S  Sp'^-Jiq 

I  oob^l  a  S£^  !  3-8 

I  B  f  3  P  >»q3P3c 


^::ig  - 

•  PS'S 


P  P  3  H  V 

-cSJvh'S 

Pp03303Vi 

|3  3  V  *.8  • 

p  3  o  q  5  p  Q 
o  q  hop  a 

3  3  p  q 

g5  q* 

?  -I  P'S 

•,2|  It 


:isl  5.fe5i;:2g;s-!-^3S 

nil  §||?sII55  pilll 

E'ftci  s  g  v.ltiUS  #5:  p|g'2?l 

ossq  qpop3opp3  qq888q 


I 

? 

+> 

ST 

o  P  r- 


o  I  S 
S 

IQ  •  8 
3  .H  fi 
U  O  O 

•H  ^ 

»4  J3  »4 

■H  e  « 

«<  >  o« 


•♦>  r- 

o  r-t 

«  I 

a  qo 


m  c 

10  M  CO 

0) 

o  M  • 

O  • 


«  Ch  o  o 
-p  I  a, 
rH  C  Ox  ® 
M  o  a\  (3 

O  O'  «  q-l 
®  ^.  «  -H 
tH  ®  SH  10 

a 

O  •>  ID 
M  CM  .^iH 

S  'O  eo  u 

p  c 

Eh  rH  C-  S3 


^  TJ  1 

o  «  »  e 
^  C  Si  o 
^  o  ®  o 

■*3  e 

«  3  M  C 

O  M  < 

®  14  T}  Si 
i  -H  C  O 
p  a  B  «H 

-p  b  M  « 
D  ® 
■O  Vi  n  iH 

*1  .  »  “ 
•H  -p  e  -H 
»  Vi  3  43 
■H  rH  ® 
a  fH  O  > 

Vi  O 

O  C  -P 

n  A 

m  -p  •  >0 
-p  C  r-e  ® 
iH  ®  O  -H 
3  i  •P  iH 

®  B  43  a 

®  iH  ®  Pi 
M  Pi  >  n 


S«8ulta  of  •  wind  tunnel  study  of  sup-  Results  of  e  wind  tumel  study  of  sup- 

plenentary  lift  for  sir  cuabioned  plenentary  lift  for  sir  cushioned 

wihieles  (Voliaes  I  and  U)  were  rehicles  C^oluaes  I  and  n)  were 

applied  to  vehiclea  for  Army  ennssnd  applied  to  Tehicles  for  Army  com and 


s 

vt  m  I 

°  2  2 


o  o 


M  & 

S  -A 


A 

l-s  sli  .  sSlSs^l^l 

^5^3b:al°go3l'*o| 

.*Sg^i3.'gM'dSi^832 

c«9^  ■-l•88  -H  -Q  9  «4  e 

OC  o»,  •HQ^S'OO 

^  BtfiaiWnrt 


•  M 
.  n  M 

o 


<** 

s 


-s5 • . 

■||||3i;*ia^llll£ 

#)  4<  g  ^  ^jC  ^  A  O  • 


A  —  ^ 

O  A  O 

•H  ►  _  _  . 

4^  CkO  ^  O  A  Q 

A  ^  e  A  ^  MiS 

hDOij"v»-S^ - - 

oo3»o«  a  ov 
•Hr^D»  •u--H‘oqmcsu» 


g-  2  s  b  *1  g  I  . 

Sq  3  >  •*>  i  B  C 

«  g  £  5  •»>  g 

o  ^  M-O  ■ 

fe  . 


■85  S 
‘g  b  . 

•^▼^•0*  •Bw-n'UBiuiawas 

JB  t»  m  m  c  y  a  -P  9  -B  a 

SsrHB£Cf-«>  c  (iq-p 
Mo^Ptoq^ovvc-pB^ 
a  9.-H  a  q  «  •-*9^3 

S  5  g  ^-O  5  5 -s ul 

S  -  5J!1S  S-o5  b5-55  a  >, 

4>AC3  ^ 

^  ^  A  S  ^ 


a  a 


"g  ¥l  T~l 

^  a  I  -p  tio  o  a  a 

sill 

&S|*IS5S2ba^-p-^S’3 

•5  o  «10_  r-l  P  ®  /7j3  ®  43  ® 

6q  q-o  qi&)o.qHtioj3-pn 
(i-r*®^c  •a«H*He-«aT<-pa 

5 .53  ;  fe  fe 

fro  8  §51  a  °  8*8 

••gS^IS-ls.'sis&ag-s^ 

o  2L|  g  ®  bis  S^g 
•■^aSSEiiSig-.^e-d 

.35lS*|d^S8§*gS 

■  ti  ^  «  q  a  g  ® 

ooaa®  •kpTi® 
-  0^6  M  q  q  >  -P  5  q  q 

5  ^  5  ■  2  2*5  ‘S®^SS**°tr 

‘oaaa'SC^^S'A  «  5q.® 

a  8!o-2  •q^p®  »®-p  843  S'!) 


I 


U  IS 


.  ,  a  •  M  a  , 

£•55  ®  a 


'5isyiiii 


J  • 

a*  a 

Vi  a  I  -p 
o  ®  a  a 

^  b  S 
o  u  a  ■  • 
■H  c  Sb  a 

B  .H  7H  «  q 

a  H  a  o 

feSg**g 

Saifs 

•p  _  o  q 

•  *3  5  j*  Q 

SB  jJ  S-i  ^ 

o  q  o  q 

•H  ® 

a  a  •  u  q. 

a  •  ®  -H 

■g'551  £ 

aS  2 

o  ®  o  73  8 

•H  ►  O 

p  bo  q  o 

S'® 

bO  C  q  Vi 

o  o  3  *.0 
i-t  -H  *0  n 
xi  -P  n 
•a  a  ®  a  73 
c  a  i-i  a  ® 
a  o  A  -p  ® 

®  q  5  •  n* 
o  "P  p  a 


3  q  •§ 

MO  a 

q  -H  Vt  •  Of 

r-i  JO  •  x»  «-<  ^ 

.0  a>  q  I 

aaqooqviq 
•h^H-hp  ®vi  a 
q  -OP  3  0  0 

b  S 


Sa  ®  a 

P  J3  bO 
CO  P  q 


•H  P  ,C  Vi  V  ® 
ill  a  °  8*8 


q  'OP  300B  T- 
^  q  4  a  q  o  p  bOP 
>poqao.t>>P  qp 
pa®  r-r  ^  ®  *H  ® 

SI  M  O.  q  P  bo^  p  a 

vtP  o,a  app  a 

q&OB  PP,BViV® 
PS  OOBg  00,3 
‘gaooaPaa  00 
a  p  paqpq  o 
o  a  ■  q  a  a  Kx!  o  n 
paaa  p-oppS  • 
pa>a'ao  psp 
••*39®  qpq  a 

nN’0,qo®»ao^® 
a  o  o  _  p  xi  a  o,p  p 
,Daqapp_®  ho 
®aa  'Obomap 
j3PaBppqcB,ap 
po^ppoaaomvi 
p  •r'»,c  p  cd  q  a  o  ® 
3  p  D,p  o  q  ,0 
ooorara®  •tqq® 
bD  M,o  q  a  P  p  3  3  q 
C’O  qpaoxjopo 
p®boa  oxibo’o  s 


a  q  ®  ® 
a  boP  o  q  pQ 

255  §*eL 

O  p  >  c  . 


p  q 

I  ®  bD  O 

I  X!  q 
P  o. 


o  P  p  a 

8-2,8^ 
a  Vi  a  P 
a  o  ® 
p  _  q  q  > 
S  ^2*^33 

C  P.  o  a  o 
o  >0  o,  q  ® 
o  a  o  Vi 

®  O  Vi  p  Vi 

q  p  o  p  ® 


q  p  p  ®  ®  a  -P 
iP  a  q  a  pa 
q  Pup  a  ,0  /> 
"p  P  a  P  a 
©  _  q  q  p,  q  « 
a  "O  p  o  p  p  p 
o,  q  p  a  q 
a  a  a  p  p  a  5 
_  P  q  .2  B 

I  g'll®  iS 
5  ^  p  p  5*3 

P  a  a  Vi  bci  & 
o.  a  a  P  pa 
o  P  -o  a  id  q 


-^3  - 

p  q 

•■S.'S 

a  -o  a  q 
a  q  q  -P 
P  a  a 


